INTERNATIONAL JOURNAL OF ONCOLOGY 44: 1041-1055, 2014 



Molecular profiling of chordoma 

STEFANIESCHEIL-BERTRAM' '^, ROLAND KAPPLER^ ALEXANDRA VON BAER"*, 
ERICH HARTWIG^ MICHAEL SARKAR^, MASSIMO SERRA^ SILKE BRUDERLEIN', 

bettinawesthoff^, ingomelzner\ BIRGIT BASSALY^, JOCHEN HERMS^°, 

HEINZ-HERMANNHUGO", MICHAEL SCHULTE^^ and PETER MOLLER^ 

1 2 

Institute of Pathology, University Hospitals of Ulm; Institute of Pathology and Cytology, Dr, Horst Schmidt Clinic, 
Academic Teaching Hospital of University of Mainz, Wiesbaden; Department of Pediatric Surgery, 

Dr. von Hauner Children's Hospital, Ludwig-Maximihan University of Munich, Munich; 
^Department of Orthopedic Trauma, Hand and Reconstructive Surgery, University Hospitals of Ulm; 
'Department of Trauma, Hand and Reconstructive Surgery, Ev. Diakonissenanstalt, Karlsruhe; ^Department of Trauma 
and Reconstructive Surgery, Karl-Olga-Krankenhaus, Stuttgart, Germany; Laboratory of Experimental Oncology, 

Q 

Orthopedic Rizzoli Institute, Bologna, Italy; Department of Orthopedics, University of Dusseldorf; 
^Institute of Pathology, University of Giessen; ^"Department of Translational Brain Research, 
DZNE (German Center for Neurodegenerative Diseases) and Ludwig-Maximilian University of Munich, 

11 12 

Munich; Department of Neurosurgery, University of Kiel, Kiel; Department of Trauma 
and Orthopedic Surgery, Diakoniekrankenhaus, Rotenburg (Wiimme), Germany 

Received October 30, 2013; Accepted December 3, 2013 

DOI: 10.3892/ijo.2014.2268 



Abstract. The molecular basis of chordoma is still poorly 
understood, particularly with respect to differentially expressed 
genes involved in the primary origin of chordoma. In this 
study, therefore, we compared the transcriptional expression 
profile of one sacral chordoma recurrence, two chordoma cell 
lines (U-CHl and U-CH2) and one chondrosarcoma cell line 
(U-CS2) with vertebral disc using a high-density oligonucle- 
otide array. The expression of 65 genes whose mRNA levels 
differed significantly (p<0.001; >6-fold change) between 
chordoma and control (vertebral disc) was identified. Genes 
with increased expression in chordoma compared to control 
and chondrosarcoma were most frequently located on chromo- 
somes 2 (11%), 5 (8%), 1 and 7 (each 6%), whereas interphase 
cytogenetics of 33 chordomas demonstrated gains of chro- 
mosomal material most prevalent on 7q (42%), 12q (21%), 
17q (21%), 20q (27%) and 22q (21%). The microarray data 
were confirmed for selected genes by quantitative polymerase 
chain reaction analysis. As in other studies, we showed the 
expression of brachyury. We demonstrate the expression of 
new potential candidates for chordoma tumorigenesis, such as 
CD24, ECRG4, RARRES2, IGFBP2, RAPl, HAI2, RAB38, 
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osteopontin, GalNAc-T3, VAMP8 and others. Thus, we identi- 
fied and validated a set of interesting candidate genes whose 
differential expression likely plays a role in chordoma. 

Introduction 

Chordoma is a rare, low-malignant bone tumor. This unique 
bone tumor has both epithelial and mesenchymal character- 
istics (1). Chordomas arise along the spine with hot spots at 
the upper (skull base 20-30%) and lower (sacro-coccygeal 
50-60%) end, and are therefore thought to originate from 
remnants of the notochord (2). Chordomas grow slowly. 
However, due to their location, it is difficult to obtain wide- 
margin resection. Frequently, these tumors recur after surgical 
treatment. Systemic treatments are largely ineffective and 
new therapeutic approaches are therefore needed. To date, no 
targeted therapeutic strategies have been established for chor- 
domas. Recently, however, a phase II study showed a modest 
antitumor activity of lapatinib in chordoma (3-6). 

Chordoma characteristically occurs in adolescence and is 
rarely found in children. Conventional and molecular cytoge- 
netic analyses revealed chromosomal gains of 7q and losses of 
Ip and 3p to be the most prominent alterations in chordoma 
(7). In addition, loss of heterozygosity (LOH) and genome- 
wide linkage studies have already been successfully used 
to narrow down and define candidate regions for chordoma 
development on lp36.13 and 7q33 (8,9). Some studies focused 
on gene expression analysis in chordoma. Brachyury (T) 
was one of these candidates (reviewed in ref. 10), which was 
knocked down in U-CHl, resulting in striking morphological 
changes in the tumor cells (11). However, many specific genes 
or altered transcripts have yet to be determined. 
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This study comprises a genome-wide cytogenetic analysis 
of 33 chordomas using comparative genomic hybridization 
(CGH) and, in selected cases, additional transcript profiling 
by microarray analysis. We linked these with RT-PCR, immu- 
nohistochemistry and FACS analysis. We performed this 
comprehensive study to determine those genes most differen- 
tially expressed in chordoma and thus to establish which had 
the most promise for translation into clinically useful targets. 

Materials and methods 

Samples. We examined 33 paraffin-embedded chordoma 
tumor samples (for 7 of which snap-frozen tissue samples 
were also available) obtained from 26 patients (8 male, 
18 female; median age at diagnosis: 66 years), 6 fresh-frozen, 
conventional chondrosarcomas (6 patients; 4 male, 2 female; 
median age at diagnosis: 54 years; 1 clivus, 3 femur, 2 pelvis; 
3 grade 1,3 grade 2) and pooled material of short-term cultures 
of 2 vertebral discs (both male; age 47 and 63 years) from 
the files of the Institute of Pathology, University Hospitals 
of Ulm, Germany, Department of Orthopedics, University 
of Diisseldorf, Germany, Department of Neuropathology, 
Ludwig-Maximilian University of Munich, Munich, Germany, 
and Department of Neurosurgery, University of Kiel, Kiel, 
Germany (Table I). 

The chordoma cell lines U-CHl and U-CH2 were 
established from sacral chordoma recurrences as described 
previously (7,12). The chondrosarcoma cell line U-CS2 was 
established from a chondrosarcoma of the distal femur in 
a 48-year-old female patient, operated in 2002. One and 
two years after primary diagnosis, the patient underwent 
surgery following pulmonary metastasis of the primary 
grade 2 chondrosarcoma. 

Immunohisto chemistry and fluorescence-activated cell sorter 
analysis (FACS). Immunostaining was performed using a 
routine indirect peroxidase method. The following antibodies 
were applied: TP53 (Dako, Denmark), Ki-67 (Dako), and 
CD24 (clone 24C02, Dianova, Hamburg, Germany). These 
antibodies were used at a final concentration of 1-2 //g/ml. 
For immunohistochemical detection of osteopontin and 
osteonectin, deparaffinized and ethanol-dehydrated tissue 
sections were incubated overnight with polyclonal rabbit 
antibodies to osteonectin (dilution 1:1,000) and osteopontin 
(dilution 1:3,500) at room temperature. The antibodies were 
kindly provided by L.W. Fisher, NIH, USA (13). Sections were 
then incubated with a monoclonal mouse-anti-rabbit antibody 
(Dako, Glostrup, Denmark) for 30 min followed by signal 
detection using the Dako ChemMate APAAP system and the 
Dako TechMate™ 500 plus automatic stainer. 

FACS analysis was performed according to protocols 
described previously (14). The following antibodies were 
applied: CD24 (clone 24C02), CD20 (clone L26, Dako), EMA 
(clone E29, Dako) and rabbit anti-mouse immunoglobulins 
(code no. F0313, Dako). 

Cell culture and chromosome preparation. We performed a 
short-term culture of vertebral discs. The primary cells were 
seeded, cultured and subcultivated as previously described (7). 
Metaphase chromosome spreads were prepared from the cell 



lines and from primary blood cell cultures of healthy donors 
(for CGH experiments) using standard protocols (7). Cells 
were karyotyped using conventional GTG-banding techniques 
according to the 1995 ISCN nomenclature. 

Comparative genomic hybridization (CGH) and fluorescence 
in situ hybridization (FISH). All seven chordoma samples were 
available as paraffin-embedded tissue. In addition, seven tissue 
samples were available as fresh-frozen samples. Histological 
evaluation of these samples revealed an estimated tumor cell 
content of >90%. CGH analysis was carried out according to 
the protocol previously described in detail (7). Image acquisi- 
tion and processing were performed with the image analysis 
system ISIS (MetaSystems, Altlussheim, Germany). 

FISH was performed on imprint cytology slides and 
5-^m sections of paraffin-embedded tumor material. The 
commercially available combined probe m-bcr/abl with 
assignment to 9q34 {ABL locus) and 22qll.2 (BCR locus), and 
the indirect labeled probes assigned to loci 7cen, lp36 (all 
probes by Q-Biogene, Illkirch Cedex, France), and the Her2/ 
neu probe (Zytomed, Germany) were applied. Additionally, 
we used the following YAC clones obtained from the CEPH 
YAC library: 801_A_8 (3pl4.2), 724_G_5 {RHEB, 7q36), 
798_G_8 (8pl2), 751_A_4 (MDM2, 12ql4.3-ql5), 984_D_2 
(12q22-q24), 763_A_3 (22ql2), and 949_A_7 (Xpll.4) (7,15). 
FISH experiments were performed as dual-color hybridization 
as previously described (7). 

RNA preparation and gene expression analyses. Fresh- 
frozen tissue and cell culture samples were homogenized and 
total RNA was isolated using the RNeasy Mini kit (Qiagen, 
Valencia, CA, USA) according to the manufacturer's instruc- 
tions. Total RNA was quantitated by ultraviolet absorbance at 
260 and 280 nm and its integrity was assessed by means of 
agarose gel electrophoresis. 

Oligonucleotide array. Total RNA of two pooled vertebral 
discs, three chordoma recurrences, and the novel chondro- 
sarcoma cell line U-CS2, grade 2, were subjected to gene 
expression analysis using the high-density oligonucleotide 
array U133 set (Affymetrix, Santa Clara, CA, USA), which 
contains a probe set for ~33,000 well-substantiated human 
genes. Equal amounts (5 /<g) of total RNA of tumors and 
control samples were sent to the German Resource Center 
(RZPD, Berlin, Germany). Labeling of total RNA, testing of 
synthesized cDNA (IVT Ambion's T7 Megascript kit, Roche), 
of labeled probes, signal detection and data acquisition was 
performed as described (16). The Microarray Analysis 
Suite (MAS) 5.0 software (Affymetrix) was used to calculate 
the gene expression levels. The Affymetrix Gene Expression 
Assay has been shown to identify X-fold changes that are 
>2 for 98% of the time. Based on the observations, robust 
changes can be identified by selecting transcripts with a fold 
change of >2 for increases and <2 for decreases, which corre- 
spond to a signal log ratio of 1 and -1, respectively. 

cDNA microarray analysis. Expression analysis of four 
chordomas (one primary and three recurrences) and three chon- 
drosarcomas (Table I), as well as pooled material of short-term 
culture of vertebral disc as a reference, was performed using 
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Figure 1. (A) Cytology of the U-CH2 chordoma cell line. (B) CGH analysis 
of U-CH2. The gains are given in green, the losses in red. 



a cDNA microarray containing 1,000 human genes involved 
in hedgehog signaling and cancer (17). Hybridization experi- 
ments and signal detection were performed as described 
above (17). 

Image analysis, spot finding and data acquisition 
were performed with the ImaGene 4.0 software package 
(BioDiscovery, Los Angeles, CA, USA). Mean signal inten- 
sities for each spot were corrected by subtracting the mean 
signal of local background. Normalization was performed by 
equalizing the overall intensities of both dyes. The resulting 
data were used to calculate the ratio of gene expression in 
tumors versus vertebral disc. 

Real-time reverse transcription polymerase chain reac- 
tion (RT-PCR). Total RNA of cases 1-3R, 6 and 20, U-CS2, 
six chondrosarcomas, low-grade and vertebral disc was ampli- 
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Figure 2. Summary of chromosomal imbalances in our cohort of 33 chordomas. 



fied using the RiboAmp RNA amplification kit (Arcturus, 
Mountain View, CA, USA) according to the manufacturer's 
protocol. The RT-PCR reactions were carried out in a final 
volume of 20 /d containing 25 ng cDNA, 300-900 pmol of 
each primer (RARRES2 and KRT18 300/300 nM; TIA and 
ECRG4 900/900 nM; T, IGFBP2 and CD24 300/300 nM), 
and 10 fil SYBR green PGR master mix (Applied Biosystems, 
UK) in a thermocycler (iCycler, Bio-Rad, Germany). For 
PGR experiments, reverse and forward primers were selected 
for the following genes: T brachyury (mouse) homolog 
(T; Gene bank accession no. NM_003181.2), GD24 antigen 
(CD24; Gene bank accession no. NM_01 3230.2), insulin-like 
growth factor binding protein 2 (IGFBP2; Gene bank acces- 
sion no. NM_000597.2), retinoic acid receptor responder 2 
(RARRES2; Gene bank accession no. NM_002889.3), 
esophageal cancer-related gene 4 protein (ECRG4; Gene bank 
accession no. NM_032411.2), keratin 18 (KRT18; Gene bank 
accession no. NM_000224.2), podoplanin/TlA-2 lung type-I 
cell membrane-associated glycoprotein (PDPN/T1A2; Gene 
bank accession no. NM_006474.4), and osteopontin (SSPl; 
Gene bank accession no. NM_001040058.1). For all primer 
sets, hot start PGR was performed with an initial denaturation 
step at 95°C for 5 min. This was followed by 40 cycles at 95°C 
for 20 sec, 60°C for 20 sec and 72°C for 20 sec. Final extension 
was carried out for 10 min at 72°C. Vertebral disc was used as 
calibrator. 

Results 

Morphology and cytogenetics of U-CH2. U-CH2 was estab- 
lished from the first recurrence of a chordoma in a 72 -year-old 
woman, whose primary tumor had been operated one year 
previously (case 3, Table I). Initially, U-CH2 had a doubling 
time of about four weeks. After 11 passages, the cells 
maintained a doubling time of approximately one week. 



Microscopically, U-CH2 is comprised of typical phys- 
aliphorous cells (Fig. lA). CGH of genomic DNA isolated 
from U-CH2 (cell culture passage no. 2-3) revealed the rev ish 
karyotype enh(lp34.2-p36.1,7,12p,15q,Xq), (i/m(lpll-p31,2q32- 
q36,3p,4q34-q35,6p-q22,8p,9,10p,llp,17p,20p,Xp) (Fig. IB). 
Using M-FISH, 20 out of 38 metaphase spreads (cell culture 
passage nos. 2-3) could be analyzed demonstrating the following 
clonal aberrations: t(l;19),t(l;8),del(2)(q),del(4)(p),der(7),t(8;l 
5),t(10;17),der(12)t(8;12),t(7;13), t(14;?),der(16),t(20;22),der(X) 
t(X;18). Furthermore, we detected non-identified double 
minutes. 

Molecular cytogenetics in chordomas . The CGH findings 
of 33 chordomas are shown in Table 11. Overall, we found 
166 chromosomal aberrations (0-14 per tumor; median 4 per 
tumor) in 33 chordomas. On average, 4.1 losses and 4 gains 
were detected per tumor. Chromosomal losses occurred 
most frequently at Ip (21%), Bp (36%), 4q (27%), lOq (21%) 
and 13q (24%). DNA sequence copy number gains were most 
prevalent at 7q (42%), 12q (21%), 17q (21%), 20q (27%), and 
22q (21%). The distribution of deletions, gains and the total 
number of aberrations in tumors are shown in Table II and 
Fig. 2. 

FISH was performed on 27 samples. In 6 cases (nos. 4R, 
7, 14, 15, 24 and 24R) only limited amounts of material were 
available and thus FISH was not performed. The FISH loci 
were selected according to the results of CGH. However, FISH 
analysis revealed no further chromosomal aberrations and 
confirmed the CGH data (Table II). Most chordomas were 
nearly diploid, with four exceptions (nos. 1, 18, 26 and 26R). 
Those tumors were nearly triploid. 

Using dual color FISH analysis, we found a high-level 
DNA amplification of Her2/neM (on average 15 signals per cell) 
in case 18. All nuclei demonstrated >10 signals per nucleus. 
Interestingly, this case was an abdominal metastasis of a 
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Figure 3. Summary of gene expression analysis of the chromosomal arms of the 65 candidate genes whose mRNA levels differed significantly (p<0.001; 
&6-fold change) between chordoma and control (vertebral disc). 



sacral chordoma 9 years after primary diagnosis. The tumor 
recurred twice during the following 7 months. We checked 
four further samples with a gain of chromosome 17 (nos. 9, 16, 
17R1 and 17R2), but they did not reveal further amplifications 
of Her2/neM. 

Analysis of gene transcript expression in chordoma. Firstly, 
we compared the transcriptional profile of ~33,000 genes in 
three sacral chordoma recurrences, including the chordoma 
cell lines (U-CHl and U-CH2) and the novel chondrosarcoma 
cell line, U-CS2, with vertebral disc using Affymetrix Human 
Genome U133 set GeneChips. We identified 65 genes with 
distinct mRNA levels (p<0.001; >6-fold change) of chordoma 
compared to the control samples (vertebral disc) (Table III 
and Fig. 3). The genes were most frequently located on chro- 
mosome 2 (7/65), 5 (5/65), 1 and 7 (each 4/65) (Fig. 3). The 
microarray data were corroborated by real-time PGR analysis 
for selected genes, including six genes [T brachyury (mouse) 
homolog (T), GD24 antigen (GD24), insulin-like growth factor 
binding protein 2 (IGFBP2), retinoic acid receptor responder 2 
(RARRES2), esophageal cancer-related gene 4 protein 
(ECRG4) and keratin 18 (KRT18)] with increased expression 
and one gene (TlA-2 lung type-I cell membrane-associated 
glycoprotein T1A2) with reduced expression compared 
to control and chondrosarcoma. The RT-PGR data were 
determined in an independent series of six chordomas and 
six chondrosarcomas, including the U-GS2 cell line (Figs. 4 
and 5A). These analyses confirmed that the transcript levels 
of the selected genes which differed significantly between 
chordoma and chondrosarcoma. One interesting candidate 
gene in chordoma-genesis is GD24. Using the Affymetrix 
Human Genome U133 set GeneGhip set, GD24 was highly 
expressed in chordoma (signal: 1409) compared to vertebral 
disc (p<0.00024; signal: 10) or to U-GS2 (signal: 62.9). With 
respect to immunohistochemistry and FAGS analysis, it was 
demonstrated that GD24 antigen is highly abundant in all 



chordomas (Fig. 5B-F), but is absent in conventional skeletal 
chondrosarcomas. GS6 demonstrated focally weak unspecific 
background immunoreactivity and we therefore diagnosed a 
negative GD24 immunoreactivity (Fig. 5H). 

Since it has been suggested that sonic hedgehog (SHH) 
may be involved in chordomagenesis (7), we screened 
4 sacral chordomas and 3 chondrosarcomas for differentially 
expressed genes using a medium-dense cDNA microarray, 
which comprises genes associated with hedgehog signaling 
and cancer (17). However, we detected no increase in the 
expression of SHH and known downstream targets of the 
hedgehog signaling cascade, such as PTGHl, GLIl, GLI3, 
D-type cyclins (18), FOXFl and GADD45a (19). Interestingly, 
the gene coding for osteopontin (SSP), which has been shown 
to be transcriptionally activated by GLIl, was upregulated in 
four out of six chordomas and in one out of three chondro- 
sarcomas in the cDNA microarray analysis (data not shown). 
Importantly, we demonstrated SSP protein in all chordomas 
(Table I), but not in chondrosarcomas (n=6) using immuno- 
histochemistry. However, we could not show any prognostic 
impact of SSP or osteonectin expression in these tumors (data 
not shown). 

Discussion 

In order to identify new candidate genes in chordomagenesis, 
we performed a combined study of genome-wide analysis of 
33 chordomas using GGH and a transcript profile analysis 
of a subgroup of 6 chordomas compared to 10 chondrosar- 
comas, grade 1-2. Molecular cytogenetics showed that gains 
of chromosomal material in chordoma were most prevalent 
at 7q (42%), 12q (21%), 17q (21%), 20q (27%) and 22q (21%) 
(Fig. 2). DNA sequence losses occurred most frequently at Ip 
(21%), 3p (36%), 4q (27%), lOq (21%) and 13q (24%) (Fig. 2). A 
recent study summarized recurrent cytogenetic copy number 
alterations published by these different groups (4,7,22,23). 
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Figure 4. Expression of gene transcripts (RT-RCR) of: (A) T brachyury; (B) IGFBP2; (C) RARRES2; (D) ECRG4; (E) cytokeratin 18, KRT18; and (F) TlAla-b. 
Each value is expressed as the ratio of three values of each tumor (6 chordomas of 5 patients; 6 chondrosarcoma of 6 patients)/control (vertebral disc). 



Including our data, a consistent recurrent gain of all 101 
chordomas studied in these four different cohorts was found 
on 7q (25-69%), whereas consistent losses were found on 
3p (36-75%), lOq (21-65%) and 13q (24-61%). In summary, 
these tumors are characterized by non-random genomic copy 
number alterations, where losses are more frequent than 
gains. 

Whereas the CGH analysis demonstrated gains of chromo- 
somal material in chordoma most prevalent at 7q, 12q, 17q, 
20q and 22q, the gene transcripts with increased expression 
compared to control and chondrosarcoma were most frequently 
located on 2 (11%), 5 (8%), 1 and 7 (each 6%) (Fig. 3). In an 
earlier study (7), we suggested that oncogenes located on 7q36 
might be involved in chordomagenesis. Using GeneChip exper- 
iments we could not identify any known oncogene located on 
7q36 that is misregulated in chordoma. Furthermore, we could 
not demonstrate that our former candidate genes, HLXB9 and 
SHH (7), are overexpressed in chordoma. None of the genes 
involved in the SHH pathway was transcriptionally activated 
in chordoma or chondrosarcoma. However, the gene coding for 
osteopontin (SSP), which has been shown to be transcription- 
ally activated by GLIl, was upregulated in four chordomas 
and one chondrosarcoma. SSP has been recognized to be 
important in the processes of tumorigenicity and metastasis of 
various cancers (22). Using immunohistochemistry in 24 chor- 
domas obtained from 19 patients, we could not demonstrate 



any prognostic relevance of SSP expression and prognosis 
(data not shown). 

Another candidate gene found in our GeneChip expression 
analysis was the transcription factor T brachyury (T), which 
was highly increased in chordoma compared to vertebral disc 
or U-CS2 (Table III). This transcription factor is located on 
6q27. It influences the cell cycle in different ways to other 
transcription factors, growth factors, cytokines and kinases 
and it influences the cell differentiation (10). In several studies, 
T was identified in chordoma (reviewed in ref. 10). T seems to 
be the key transcription factor in chordomas. In a very early 
review, the mechanisms of repair of bone and cartilage were 
described (23). They summarized that the control of chondro- 
cytic differentiation is affected by the interplay of T, BMP-4, 
and TGFp3. T protein is vital for the formation and differ- 
entiation of posterior mesoderm and for axial development in 
all vertebrates (24). The authors demonstrated that T mutant 
mice or zebrafish die due to, for example, abnormality or lack 
of the notochord. They found that human T expression was 
very similar to that found for T in other vertebrate species and 
was confined to cells derived from the notochord. Chordoma 
originates from notochordal remnants. A genetic and 
functional-based study, demonstrated the role of T in the patho- 
genesis of sporadic chordoma (11). The group summarized that 
gain of the T locus is common in sporadic chordomas and that 
expression of this gene is critical for proliferation of chordoma 
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Figure 5. (A) Expression of CD24 transcript (RT-RCR). Each value was expressed as relative expression (n=3) of each tumor (6 chordomas of 5 patients; 
10 chondrosarcoma of 10 patients)/control (vertebral disc). FACS analysis of: (B) CD24, CD20, EMA and negative control of the chordoma cell line U-CH2; 
(C) CD24 analysis of previous published chordoma cell line U-CHl (7); and (D) the chondrosarcoma cell line U-CS2. Immunohistochemistry of CD24 
(clone 24C02) frozen section of: (E) parental tumor of U-CHl (case 1); (F) chordoma no. 2 (both bars, 200 fim; (G) CSl; and (H) CS6 focally weak immuno- 
reactivity (both bars, 100 fim). 



cells in vitro. A common single-nucleotide variant in this gene 
is strongly associated with development of the disease (25). 
Furthermore, in vitro silencing of T induces growth arrest of 
chordoma cells (25). The authors showed that specific target 
genes of the transcription factor have been identified through 
shRNA-mediated silencing followed by global gene expres- 
sion microarray analyses. 

Recently, duplication of the transcription factor T was 
shown to be associated with the development of chordoma in a 
few families (26). At any rate, screening for mutations in T (all 



coding exons and promoter) failed to show any genetic altera- 
tions in 23 chordomas (5). Furthermore, amplification of T was 
described in a subgroup of sporadic chordoma. In line with 
this, we found that T is overexpressed in chordoma. 

Specific target genes of the transcription factor T have been 
identified through shRNA-mediated silencing followed by 
global gene expression microarray analyses of 18 chordomas 
and the cell line U-CHl (27). These genes include growth 
factors such as TGFA, FGFl or EGF. To date, there has been 
little experience in chordoma with targeting therapy strategies 
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(28) using tyrosine kinase inhibition. In their case report, the 
authors summarized a total of 4 cases and described a duration 
of response between 4 and 12 months (28). 

Another gene expressed in chordoma and carcinoma is 
CD24. Two studies focused on aspects of CD24 (small cell 
lung carcinoma cluster 4 antigen) as a prognostic marker in 
epithelial malignomas (29,30). In invasive breast cancer, the 
authors found CD24 expression in 84.6% of cases. In univariate 
survival analysis, a significant association of CD24 expres- 
sion with shortened patient overall survival (5 -year survival 
rate 91.9 versus 83.8%; p=0.031; log rank test) and disease- 
free survival (5-year progression rate 88.3 versus 57.0%; 
p=0.0008) was demonstrated. Kaplan-Meier curves and Cox 
regression analysis of their prostate cancer study showed that 
CD24 expression was strongly linked to significantly earlier 
disease progression (relative risk, 3.2), which was especially 
pronounced in organ-confined or moderately differentiated 
primary prostate tumors. In our cohort of chordoma and 
chondrosarcoma, we demonstrated by immunohistochemistry 
and, in part, by FACS analysis that our chordoma cell lines 
and the fresh-frozen chordomas (n=7) express CD24 protein. 
Importantly, none of the skeletal chondrosarcomas (n=9) or 
U-CS2 expressed CD24 antigen demonstrated CD24 immu- 
noreactivity. Further investigations are needed in order to 
study the prognostic relevance of CD24 protein expression in 
chordoma. 

Another new candidate gene is the esophageal cancer- 
related gene 4 (ECRG4/C2ORF40). To date, this gene has 
been described in epithelial tumors. Chordoma is a unique 
bone tumor with both epithelial and mesenchymal character- 
istics (1). We detected a gene expressed in chordomas that was 
previously found to be a prognostic marker in various carci- 
nomas (reviewed in ref. 31). In 1998, ECRG4 was identified 
from normal esophageal epithelium (32). Several years ago, 
the encoded protein (augurin) was identified (33). We could 
not analyze the prognostic impact of ECRG4 expression in 
chordoma. Further studies are needed to address this issue. 

Systemic treatments of chordoma are largely ineffective 
and new therapeutic approaches are therefore needed. Only 
very recently, survivin expression has been suggested for use 
as a potential target gene of angiogenesis in sacral chordoma 
(34). Consequently, our study indicated a series of 65 genes 
that are differentially expressed in chordoma. Further studies 
are needed to validate our set of genes in order to define their 
possible value as new candidate prognostic and therapeutic 
targets for chordomas. 
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